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(54) Title: METHOD FOR MODIFYING GENETIC CHARACTERISTICS OF AN ORGANISM 

(54) Ha3B8Hne uoopeTeHHfl: CIIOCOB H3MEHEHHH TEHETHHECKHX CBOftCTB OPrAHH3MA 

(57) Abstract: The invention relates to the field of molecular biology, molecular genetics, and biotechnology and can be used 
for purposes of genotherapy as well as in agriculture, industrial biotechnology for-genc specific silencing of genes whose 
expression promotes the development of different diseases and infringes upon a process for producing a required product. The 
invention proposes a method for modifying the genetic characteristics of organisms by means of RNA interference resulting in 
the gene-specific silencing of the selected gene with the aid of RNA molecules. The molecules are synthesised in vitro using the 
RNA molecules which are complementary in a parallel direction with (pcRNA) raRNA of the selected gene which are 
synthesised in vivo or in vitro on an artificial sequences of DNA which possesses a rairror-symmetricaJ sequence of nucleotides 
in respect to the sequence of the gene nucleotides. The invention provides a general approach to the modification of the genetic 
characteristics of an organism based on the biological characteristics of mirror-inverses of the nucleotide sequences being 
achieved through RNA-interference which brings about gene-specific silencing. 



[npoaoJwceHHe Ha cnea. crpaHHiie] 
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(57)Pe$epir. H3o6pereHHe OTHOCHTca k o6iiacTH MOJiexyjwpHofl 6HOJiorHH, MOJieicyn^pHOH 

reHerHKe h 6HorexHOJiorHH h MoxceT 6un> HcnoJiwoBaHO jm uejieft reHOTepanHH b 
MewuHHe, a Taicace b ccjilckom xo3hhctbc h b npoMKmneHHOH 6HOTexHonorHH una reH- 
cneuH(J)HHecKoro cafijicHCHHra tcx reHOB, 3KcnpeccHa Kcrropux cnoco6crByeT pa3BHTHK) 
Tex hjih hhldc 3a6oji cbhhhh huh Hapyiuaer npoqecc HapaSoncH Heo6xoAHMoro npoflyicra. 

IIpeOTOKeH cnoco6 H3MeHcmw rcHCTHHecKHX cbohctb opraHH3MOB nyreM PHK- 
HHTep^epeHmiH, upwowmm k rcH-cneitH(J)HHecKOMy caiuieHCHHry Bw6paHHoro reHa c 
noMombK) MOJieKyn PHK, cHHTOHpoBaHHHX in vitro, npH 3TOM HcnojiwyiOT MOJieKyjiw 
PHK, KOMnneMeHTapHtie b napajinenLHOM HanpaaneHKH (racPHK) mPHK Bu6paHHoro 
reHa, KOTopue CHHTe3HpyKrr in vivo hjih in vitro Ha HCKyccraeHHoS noaiejioBaTenbHocrH 
flHK, HMewmeH 3epKajibHO-CHMMerpHHHyio nocjiejioBaTenbHOCTb HymieomaoB no 
OTHOincHHK) k nocJiejiOBaTenbHocTH HyKJieomaoB reHa. 

H3o6pereHHeM npconoHeH o6mHH noaxoii k hsmchchhk) reHeTHHecioix cbohctb 

OpraHH3Ma, OCHOBaHHHH Ha 6HOJ10rHHeCKHX CBOflCTBaX 3q5KaJlbHHX HHBepCHH 

HyKJieoTHAHbix nocjie^oBaTejiiHocreft h peanH3yioamficH b PHK-HHTep<j>epeHUHH, 
npHBOAHiueii k reH-cncuHtJjHMecKOMy ca&ieHCHHry. 



WO 01/42443 



PCT/RUOO/00504 



CflOCOS M3M6H6HHH reHCTHHCCKHX CBOHCTB OpraHH3M3 



06^acTb rexHMKH 

H3o6peTeHHe othochtch k o6iiacTH MOJieieyjuipHOH ohojiothh, MOJieKyjwpHofi 
5 reHeTHKe h 6HOTexHonorHH h mokct 6utb HcnoJib30BaHO ana qejieft reHOTepaiiHH b 
MeamiHHe, a Taiace b cejitcKOM xo3hhctbc h b npoMtmineHHofi 6HOTexHOJioniH nnsi reH- 
cneuH(J)HHecKoro caiiJieHCHHra Tex reHOB, 3Kcnpecciw KOTopux cnoco6cTByeT pa3BHTHK) 
Tex hjih hhux 3a6ojieBaHHH hjih HapyuiaeT npouecc Hapa6oTKH Heo6xoflHMoro npoayKTa. 

10 YpOBeHb TeXHHKH 

H3BecTHu pa3Hbie cnoco6bi H3MeHeHH* reHeraHecKHx cbohctb opraronMa. Oahh 
H3 hhx npeanoJiaraiOT noBpeataeHHe caMoro reHa. K hx HHCJiy othochtc* Tan 
Ha3biBaeMtiH <4 HOKayT" reHOB. 3th noaxoflbi npejmojiaraiOT BHeceHHe noBpeacjjeHHH 
(MyrauHfi) b Bu6paHHOM reHe b KJiencax 3apoflwiueBoro nyrn hjih b ctbojiobijx Kjiencax h 

15 no3TOMy aajieico He Bceraa Moryr HcnoJH>30Ban>ca wiz H3MeHeHHa cbohctb pa3BHBiueroca 
opraHH3Ma [L.V. Varga, S. Toth, I. Novak, A. Falus, Immunol. Lett., 1999, vol. 69, p. 217; 
J. Osada, N. Maeda, Methods Mol. Biol., 1998, vol.110, p. 79]. 

B nocjie^HHe roabi BtnuBaer n o Btuu eHHtiH HHTepec apyroif noaxoa k H3MeHeHHK) 
reHeTHHecKHx cbohctb opraHH3Ma - Hcnojib30BaHHe PHK-HHTep<j)epeHimH, npHBOflameii k 

20 reH-cneuH<J)HHecKOMy caiuieHCHHry, npn kotopom reH He noBpeacaaeTca, a H3MeHaeTca 
ero peryjwmw [M.K. Montgomery, A. Fire, Trends in Genetics, 1998, vol.14, p. 255; P. 
Sharp, Genes & Development, 1999, vol.13, p.139]. PHK-HHTep<l>epeHUHa mohcct 
Hcnoju»30BaTbCH win reH-cneuH(J)HMecKoro caHJieHCHHra Ha jik>6mx CTaarax pa3BHTH«, b 

TOM HHCJie H JUIA H3MeHeHHH CBOHCTB B3pOCJIOn> OpraHH3Ma. riOBUineHHOe BHHMaHHe K 

25 HccjieflOBamttM PHK-HHTep$epeHUHH cbk3bho c TeM, hto ohh fio3bojihjih aiynaHHo 
o6HapyxcHT& paHee HeH3BecTHue apeBHHe MexaHH3MH reHHOH peryjiauHH. 

OH3HOJIOrHHeCKaH pOJIL 3THX MexaHH3MOB MO)KeT 3aKHK)HaTbCH B H3MeHeHHH B JIOKaJlbHHX 

crpyKTypax xpomocom, bo bjihhhhh Ha aKTHBHOCTb TpaHCKpniimiH, Ha npoueccHHr mPHK, 
ee TpaHcnopT b uHTomia3My h Ha ee CTa6HJiLHocn>. 
30 K HacTOHiueMy BpeMeHH PHK-HHTep{{)epeHUHH, npHBoanma* k ren- 

cneuH(|)HHecKOMy caHJieHCHHry, onncaHa Ha pa3JiHHHux opraHH3Max - HeMaToae, 
iipo3o4>HJie, rpH6ax, pacTerowx. 
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H3BecrreH cnoco6 H3MeHerow reHCTHHecKHX cbohctb opraHH3Ma, ocHOBaHHbiH Ha 
PHK-HHTep(j>epeHUHH c Hcno;ib30BaHHeM ana 3toh uejiH aHTHCMbicnoBOH PHK (acPHK), 
KOTopaa KOMnJieMeHTapHa b aHTHnapanjienbHOM HanpaBJieHHH mPHK Bw6paHHoro reHa, 
CHHTe3HpyeTca in vitro h bbozihtc* b opraHH3M [A, Fire, S-Q. Xu, M.K. Montgomery, S.V. 
5 Kostas, S.E Driver, C.C. Mello, Nature, 1998, vol. 391, p. 806]. 

OnucaHHMH cnoco6 ocyiuecrBJwnoT cJieayiomHM o6pa30M: 

1. Bbi6HpaK)T reH, aKTHBHOCTb KOToporo HexceJiaTejibHa; 

2. Totobjit reHeTHHecicyio KOHCTpyKUHio, b KOTOpoft aaHHwft reH hjih 
cooTBeTCTByiomaH eMy k£HK 

10 (nocJienoBaTejn>HOCTb, cooTBeTcrayioniaa mPHK), T.e. npnpoflHaa flHK, 
opHeHTHpOBana b npoTHBonono^HOM HanpaBJieHHH h HaxoflHTca noa KOHTpojieM 
Hy^cHoro npoMOTopa. 3thm o6ecneHHBaeTca TpaHCKpHniuw He3HaHameii uenn reHa. 
Jinx nojivMeHHH kohctpvkuhh Hcnonb3yiOT pa3Hoo6pa3Hbie BeicropiJ, KOTopue Moryr 
coaepaeaTb nocjieflOBaTeJibHocra JIJAK, Barbie jvih cejieKimn TpaHC(J)opMaHTa, wx 

15 3(J)(J)eKTHBHOH 3iccnpeccHH nepeBepHyroro reHa h jvix "npaBHJibHoro BiracwBaHHa" 

KOHCTpyKUHH B XpOMOCOMHbie flOMeHbi; 

3. Ha nojiyneHHOH KOHCTpyKUHH in vitro CHHTe3HpyK>T h bboajit b opraHH3M acPHK c 
noMOiubK) pa3Hbrx MeroaoB (sneierponopauHJi, HHbeieuHH, per os). 

CymecTBeHHbiM HeflocraTKOM 3Toro cnoco6a H3MeneHHfl reHeTHHecKHx cbohctb 
20 opraHH3Ma c noMombio PHK-HHTep$epeHUHH aBJiaercji to, hto npn Hcno;ib30BaHHH 
KOHCTpyKUHH, npeflHmaHeHHbix ww CHHTe3a acPHK b pe3y/ibTaTe nepecTpoeK mokct 
npoH30HTH peBepcna, T.e. npeKpaTHTca 3KcnpeccHfl acPHK h HanHeTca ciotto 
nocjie^oBaTejibHOCTH cooTBercTByiomeH uenn mPHK. T.e. BMecro noaaBJieHH* 
aKTHBHOCTH Bbi6paHHoro reHa moecho nojiyHHTb ero aKTHBHpoBaHHe. Chhtc3 uenH mPHK 
25 MOEcer Tame HaiaTbca H3-3a Toro, hto b Mecre HHcepuHH KOHcrpyicnHH Moryr OKa3an>CH 
nocjie^oBaTejibHOcro xo3*HHa, HMewmHe npoMOTopHyw aKTHBHOCTb b uenH, 
cooTBercTByiomeH uenn mPHK. BepoaTHOcn. TaKHx co6uthh BbicoKa. 

HaH6ojiee aeMOHCTpaTHBHO Bbicoicaa BepoaTHOCTb peBepcnii noaTBepatneHa 
pa6oTaMH c TpaHcreHHMMH opraHH3MaMH. KoHcrpyxuHH npn 3tom BBOflHJWCb c 
30 npoTHBonojioxcHOH uejibio - aoGhtbch 6o;ibiueH aKTHBHOCTH KaKoro-Jin6o reHa. OflHaKo, 
peBepcHH b pe3yjibTaTe cnoHraHHoro aKTHBHpOBaHiw TpaHCKpHnuHH c 
npoTHBonoiiOHCHOH uenn npoBoamiH He k yBejiHHeHHio aKTHBHOCTH reHa, a k nojiHOMy ee 
noaaBJieHHio, T.e. k reH-cneuHtJwnecKOMy caiuieHCHHry b pe3yjibTaTe PHK- 
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HHTep4>epeHUHH [M.K. Montgomery, A. Fire, Trends, in Genetics, 1998, voL14,-p. 255; P. 
Sharp, Genes & Development, 1999, vol.13, p.139]. 

CyiUHOCTb H306peTeHHH 

5 ripezinoHceH cnoco6 H3MeHeHHx reHeTHHecioix cbohctb opraHH3Ma nyreM PHK- 

HHTep<}>epeHUHH, npHBoaainefi k reH-cneuH(J)HHecKOMy caiiJieHCHHry Bbi6paHHoro reHa c 
noMombK) MOJieicyji PHK, CHHTe3HpOBaHHbix in vitro, BKJiionaioiUHH HcnojiwoBaHHe 
Monexyji PHK, KOMruieMeirrapHbix b napajuiejibHOM HanpaBJieHHH (nicPHK) mPHK 
Bu6paHHoro reHa, npH 3tom nicPHK CHHTe3HpyK)T in vivo hjih in vitro Ha HcicyccTBeHHOH 
10 nocjiexioBaTejibHOCTH ZIHK, HMewmeH 3epKajifcHO-CHMMeTpHHHyio nocJiejaoBaTejibHocrb 
HyKJieonwoB (3epKa^iHaH HHBepcra) no oraoineHHio k nocjieflOBaTenbHoc™ 
HyKJieoTHflOB reHa. 

DepeneHb cjmryp 

15 Oht. 1 npHBOAHT ziaHHtie o crpyKType flHK-KOHCTpyiaxHH, conepacainefi . 

3epKajibHyio nocjieaoBaTejibHOCTb HywieoTimoB OTHocHTejibHO reHa Ion £. coli h 
npe^HasHaneHHOH jwi 3KcnpeccHH mcPHK, wt: 

a - B3aHM00THomeHH* nocjieAOBaTeJibHocreH HyKJieontnoB reHa Ion h 
HCKyccTBeHHOH xHMHHecKH cHHTe3HpoBaHHOH nocJieaoBareJiiHOCTH JJHK, 3epKanbH0- 
20 cHMMeTpHHHOH OTHocHTejibHO reHa (+ uenw cooTBeTCTByiOT nocjieiiOBaTeJibHOCTAM 
nicPHK parlon h mPHK); cnirraHpoBaHHaa ,HHK b KOHCTpyicnHH HaxoflHTca non 
KOHTponeM npoMOTopa lac, o6ecneHHBaiomHM 3KcnpeccHio niePHK parlon; 
6 - B3aHMooTHomeHKJi Meacay mPHK reHa Ion h nicPHK parlon; 
b - reHbi b lux-perynoHe: npOMOTopw pr h pi b lux-peryjioHe pa6oTaK)T Ha pa3Hbix 
25 ueiwx, reHbi noKa3aHbi cbctjiumh npHMoyronbHHKaMH ; Lon 6ejioK aerpaaHpyeT npoiiyicr 
reHa R, aKTHBHpywmHH pi h, TeM caMbiM, npenaTCTByeT pa6oie reHOB, o6ecneHHBaioiUHx 

JlIOMHHeCIieHlXHiO. 

Onr. 2 noKa3UBaeT pe3ynbTaTbi jnoMHHecueHUHH KneTOK £. coli, KOTopaa 
HaonioflaeTCH npH cafijieHCHHre reHa lon b pe3ynbTaTe sKcnpeccHH (parlon), rae: 
30 Lux-peryjioH Vibrio fischeri 6uji BBeaeH b lon* hjih lon' kjictkh E. coli. B 

noJiyneHHbie lon* KJiencH aonoJiHHTejibHo nop03Hb bbo^hjih TaioKe KOHCTpyKiiHio, 
co3jiaHHyK) Ha ochobc Beirropa pUC12, cnoco6Hyio 3KcnpeccHpoBaTb nicPHK parlon hjih 
HcxoiwyK) nJia3MH^y pUC12, He coaepttaiuyio BcraBKH. IloKa3aHa 3aBHCHMOCTb 
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HHTeHCHBHOCTH JIIOMHHeCUeHUHH cyCIieH3HH KJICTOK, OnpefleJiaeMa* C nOMOIULK) 

jiKMHHOMerpa (3V), ot onTHHecKofi iuiothocth (OD 55 o). CaiuieHCHHr reHa Ion BtnuBaeT 
cBe^eHHe TpaHC^opMairroB, coaep^amnx KOHcrpyioiHio parlon. 

<X>m\ 3 npeacTaBJweT aaHHue o crpyKType £HK-KOHCTpyKUHH, coaepacameH 
5 3cpKajiLHyK) noaieflOBaTeJibHOCTb HyKJieonmoB othochtcjilho reHa Kruppel flpo30<t>HJibi 
h npe^Ha3HaHeHHOH jxnx siccnpeccKH nicPHK (Kr-par), roe: 

a - B3aHMOOTHOuiemw nocjieaoBaTeJibHOCTeH HyioieoraaoB rena Kr h 

HCKyCCTBeHHOfi XHMHHeCKH CHHTC3HpOBaHHOH IIOCJieflOBaTeJlbHOCTH flHK, 3epKaJIbHO- 
CHMMCTpHHHOH OTHOCHTCJIbHO reHa (+ UeilH COOTBCTCTByiOT IIOCJieflOBaTeJIbHOCTflM 

10 mcPHK Kr-par h mPHK); CHHTe3HpOBaHHafl £HK b KOHCTpyKixHH HaxoflHTca no* 
KompojjeM npoMOTopa PHK nojiHMepa3ti T7, o6ecne™BaiomHM aKcnpeccHio iikPHK Kr- 
par (cHHTe3 no apyroH uenH KOHCTpyKiiHH b Beicrope pGEM-1 o6ecneHHBaeTca 
npoMOTopoM PHK noJiHMepa3u SP6); 

6 - B3aHM00TH0QiGHH8 M&Kjv/ mPHK reHa Kr h hkPHK Kr-par; 

15 Oht. 4 noKa3UBacr <J>eHOTHnu HopManbHofi jihhhhkh apo3o4>HJiw h 4>eHOKonHfi 

Kr, noJiyneHHux nocjie hht»ckuhh dkPHK Kr-par, roe: 

a - <J>eHOTHIIM HOpManbHOH JIHHHHKH flpOSO^HJHJ, 

6 - (J)eHOTHnu jihhhhkh, pa3BHBUie{ica H3 3m6phohob, HHteuHpoBaHHtix PHK Kr- 
par, HMewmHX ^ejjeuHH TopaKaJitHHX ceraeHTOB, a TaKxce oflHoro nepejmero 
20 a6flOMHHajibHoro cerMeirra, 

B - (feeHOTHIIH JIHHHHKH, pa3BHBHieHCfl H3 3M6pHOHOB, HHT>eUHpOBaHHIJX PHK Kr- 
par, HMeiomnx aejieuHH TopaKaji&HHx cerMeirroB, a TaKace Tpex nepeAHHX 
a6A0MHHajibHhix cerMeirroB. 

CipeJiKa yica3faiBaeT a-roroiHecKH pa3BHBineeca jiuxajibue, TaioKe xapaKTepHoe ajih 

25 (})eHOTHna Kr. 

PacKpbiTHe cyumocTH H3o6peTeHHfl 

B ocHOBy npejyiaraeMoro H3o6pereHH* noiioxceHa 3aaana noBtiuieHra HaaeacHOCTH 
PHK-HHTep4)epeHiwH, npn KOTopofi 6bura 6ti hcbosmokhu peBepcHH, npHBoaaiHHe k 
30 cHHTeay uenH mPHK Ha KOHCTpyKiuwx, hcxoaho npe/raa3HaHeHHMX una reH- 
cneim({)HHeKoro caiuieHCHHra. 

npeiuioxceH cnoco6 H3MeHeHHa reHeroHecKHX cbohctb opraHH3Ma nyreM PHK- 
HHTep4>epeHUHH, npHBo/wiueH k reH-cneuH<j)HHecKOMy caHJieHCHHry Bti6paHHoro reHa c 
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noMouibio MOJieicyji PHK, CHHTe3HpOBaHHbix in vitro, npH 3tom HcnojibaywT MOJieKynti 
PHK, KOMiuieMeHTapHue b napaJuienbHOM HanpaaneHHH (nKPHK) mPHK Bbi6paHHoro 
reHa, KOTopue cHHTe3HpyiOT in vivo hjih in vitro Ha HCKyccTBeHHoft nocjienoBaTejiLHOCTH 
flHK, HMewmeii 3epKajibHo-CKMMerpHHHyK> nocjieaoBaTeJibHOCTb HyiuieoraflOB no 
5 oTHomeHHK) k nocjiejiOBaTejibHocTH HyKJieoTH^OB reHa. 

npeflJiaraeMHH cnoco6 npHBOjurr k 3$$eKTHBHOH PHK-HHTepc|)epeHUHH h reH- 
cneiw4)HHecKOMy caitneHCHHry h HcwiiOHaeT chhtc3 mPHK, t.k. b KOHCTpyicmwx 
HcnoJit3yeTca HeroMOJiorHHHaa HCKyccTBeHHaa noaneaoBaTejibHOCTb £HK. 
ripeflJioxceHHhiH cnoco6 ocymecTBJwioT cJieayioiuHM o6pa30M: 
10 1. BbiSHpaiOT reH, axTHBHocTL KOToporo HeacejiaTejibHa (t.c OHa npHBo^m k 
3a6oJieBaHHio hjih Hapyuiaer 6HOTexHOJiorHHecKHH npouecc); 

2. XHMHHeCKH CHHTC3HpyK)T HCKyCCTBCHHyK) nOCJie/lOBaTeJIbHOCTb flHK, HMeiomyK) 

3epKajibHoe nepeaoBaHHe HywieoTHflOB no othohichhio k Bbi6paHOMy reHy hjih ero 
Hacro; 

15 3. Totobht reHenraecKyio KOHcnpyiamio, b kotopoh HcnoJib3yK>T pa3HOo6pa3Hbie 
Beicropu, coaepacamHe CHHTe3HpOBaHHyio flHK noa hjokhhm npoMOTopoM h apyraMH 

nOCJie^OBaTeJIbHOCTHMH, BaJKHHMH JUW 3<}>(|)eKTHBHOH 3KCnpeCCHH H JUIX 

"npaBHJIbHOrO BnHCUBaHHjf' KOHCTpyKmni B XpOMOCOMHUe flOMeHblJ 

4. KoHCTpyKUHio TeM hjih hhhm nyreM bbowt b opraHH3M jinn CHHTe3a nKPHK m vivo 
20 (TpaHC(})opMaiuw), jih6o nKPHK CHirre3HpyiOT in vitro Ha KOHCTpyKUHH h bbojwt b 

OpraHH3M C nOMOfflbK) HHbeKUHH. 

H3o6peTeHHe noacHflercfl KOHKperHbiMH npHMepaMH ocymecTBJieHiw cnoco6a 

H3MCHeHHfl reHeTHHeCKHX CBOHCTB OpraHH3Ma, B KOTOpblX 3TH H3MeHeHH* npOXBJWK)TC» 

KaK H3MeHeHHJi 4>eHorana, h HJUiiocTpHpyeTCH 4 (JjnrypaMH. 

25 

CBeneHHH, noaTBepauaiomHe bo3mohchocti> 
ocyiuecTBJieHHH H3o6pereHHH 

IlpHBefleHHbie jiajiee npHMepu *bjwk>tcji npeanoHTOTejibHbiMH, npe;ma3Ha<ieHbi 
nHuib jinn noATBepacaeHH* bo3mohchocth ocymecTBJieHH* H3o6peTeHH* h He aojiacHbi 
30 craTb ocHOBaHHeM ajiji orpaHHneHHH o6i>eMa npirnnaHHH 3aaBHTejia. CneunajiHCT b 
naHHoft o6jiacTH TexHHKH 6e3 Tpyay HaiiaeT bo3mohchoctk hhux BoiuiomeHHH 
H3o6peieHH>!, KOTopwe 6e3ycJiOBH0 nojuia^aiOT nojx npHTH3aHHn 3aaBHTeJia, OTpaaceHHbie 

B (J)OpMyJie H306peTeHHH, npHBOflHMOfi HHHCC 
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IIpHMep 1. PHK-HHTep(J)epeHUHH b KJiencax Escherichia coli c noMOiubio 
Mo-ieKyji PHK, KOMiuie.MeHTapHbix b napa^JiejibHOM HanpaaneHHH mPHK reHa Ion, 

CHHT63HpOBBHHLIX in VIVO. 

Fen Ion Bbi6paH b KanecTBe MoaejiH, nocKOJiiKy oh aBJiaerc* oahhm H3 
5 EaironeBbix b peryjwuHH MHornx npoueccoB b kjictkex E. colL 

XHMHHeCKH CHHTC3HpOBaHa HCKyCCTBeHHafl nOCJieflOBaTCJIbHOCTb JXKK JUIHHOH 95 

bp (bp - napa ochobshmh b fftlK hjih PHK), HMwoman 3epKajibH0 cHMMerpHHHyio 
nocJieiioBaTeJiBHocm> HyKJieoTHiiOB no othouichhio k cooTBercTByiomeH o6jiac™ reHa Ion. 
3Ta jHHK Hcnojib30BaHa jui* co3Rmiui KOHCTpyKiwH Ha ocHOBe Beicropa pUC12, b 
10 KOTopoft noji KOHTpoJieM lac-npoMOTopa hbxojihtch uent, SKcnpeccnpyiomaa nKPHK 
parlon (Our. 1 a, 6). 

nojiyneHHaH KOHCTpyKiwa c noMombio TpaHC(J)opMauHH BBeaeHa b kjictkh E. coli. 
3a BJiHHHHeM nxPHK parlon Ha aKTHBHocrb simoreHHoro reHa Ion cjiezurc 
no 3({)(j)eKTy nocjiejmero Ha pa6oiy lux-peryjioHa, BHeceHHoro b kjictkh E. coli H3 kjictok 

15 Vibrio fischeri. Lon-npoTea3a flBJiaerca HeraraBHbiM peryjurropoM lux-peryjioHa, t.k. OHa 
cneuH(j)HHecKH jjeipaflHpyeT 6ejioK LuxR. UocncmmH b KOMiuieKce c aBTOHnayieropoM 
3anycKaeT chhtc3 6ejiKOB, o6ecneHHBaiomHx jnoMHHecneHUHK). IIpoMOTopu pr h pi b lux- 
perynoHe pa6oTaiOT Ha pa3HHx uerwx, reHia noKa3aHU cbctjiumh npHMoyrojibHrncaMH 
(G>ju\ 1 b). Akthbho pa6oTaiomHH reH Ion Bbntraaer penpeccHK) TpaHCKpnnuHH lux- 

20 perynoHa, hto (j>eHoranHHecKH npoaBJwerca b noaaBJieHHH JiiOMHHecneHUHH. HanporoB, 
cafi/ieHCHHr reHa Ion npHBOjurr k yBejiKHemno KOHueHTpauHH LuxR h, cnezioBaTejibHo, k 
aKTHBauHH TpaHCKpHnuHH Iux-peryjiOHa, hto npHBo^HT k 3aMeraoMy yciuieHHio cBeneHHa 
kjictok. Lux-peryjioH b cocraBe 16 kb BamHI (jjparaeHTa ,HHK Vibrio fischeri, 6bui 
BBeaeH b Ion* ioictkh £. coli K12 ABU57, a TaioKe b Ion* kjictkh E coli K12 AB1899 

25 (lonl). 

B noJiyqeHHbie lon + kjictkh nononHHTeJibHo nopo3Hb bbojwt TaioKe KOHcrpyiotHK), 
co3jiaHHyio Ha ochobc Beicropa pUC12, cnoco6Hyw 3KcnpeccHpoBa-n> nKPHK parlon hjih 
HcxoflHyio njia3Nomy pUC12, He coaepacamyio BcraBKH. CaHJiencHHr reHa Ion 
onpeaenaiOT no B03pacTaHHio CBeneHH* kjictok. HHTencHBHOCTb niOMHHecueHUHH kjictok, 
30 3KcnpeccHpyiomHx nKPHK parlon B03pacTaeT Ha HecKOJibKO nopjuucoB no cpaBHeHHio c 
KOHTpoJieM, coflepaeanieM HCxoOTyio ruia3MHfly pUC12 (G>ht. 2). 

IlpH BbipaniHBaHHH TpaHC(J>opMaHTOB parlon Ha TBepAbix cpeziax Ha6jnojiajiH 
pa3BHTHe u cjiH3HCTbix" kojiohhh, hto xapaicrepHO jum Ion (JpeHOTHna hjih cafijieHCHHra 
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reHa Ion. 

IIpHMep 2. II<wiyHeHHe {Jkhokoiihh Kruppel (Kr) npn hhmkiihhx b 3m6phohu 
apo30(|)HJiw PHK, KOMnJieMeHTapHOH mPHK b napajuiejibHOM HanpaBJieHHH, 
€HHT63HpoBaHHOH in vitro. 
5 Kr - roMeoTHnecKHH reH, aKTHBHWH yxce b 3HroTe h KOinpojiHpyiomHH 

o6pa30BaHHe cerMeHTOB Ha paHHen 3M6pHOHajibHOH crajuiH pa3BHraa ,apo30<|)HJibi Bu6paH 
b KanecTBe MOjaenH, no3BOJunomeH Ha6jnoflaTb paraee pa3BHTHc b MHorofaieTOHHOM 
opraHH3Me. MyraHTu Kr hmciot jxtnewH npHJieacaiUHX TopaKajiLHwx h nepeaHHx 
a6jUOMHHajibHbix cerMeHTOB. OeHOTHmreecKH 3to 3aMeroo cpa3y nooie pa3BHTHH 
10 KyrHKynu h BbuiyiuiHBaHHfl jihhhhok. Myrainu Kr hmoot aejieiiHH TopaKani>Hux 
cerMeHTOB h ot o;moro ao HecKOJibKHX a6flOMHHajn>Hbix cerMeHTOB, a HHoraa Taioce 
aionHHecKH pa3BHBUiHeca auxajitua b nepezmeH Hacra Tena jihhhhkh [E. Weischaus, C. 
Nusslein-Volbard, H. Kluding, Development, 1984, vol. 104, p. 172]. TaKHM o6pa30M, 
MyraHTU Kruppel hmciot yHHJcanbHbifi 4>eHonin, npoaBJunomHHca yace nepe3 cyncn 

15 pa3BHTIW 3M6pH0H0B flpO30<t>HJIbI, HTO yflo6HO JU1A H3yHCHRJI BJDiiffllW PHK Ha (j>eHOTHII. 

flonoraHTejibHHM apryMeHTOM c noiiL3y Bu6opa aaHHOH MOflejiH 6hjio to 
o6cTOjrreJiBCTBO, hto BJiHjmwe HHbeienHH aHTHCMLicjioBofi PHK Kr 6uno npoBeaeHO paHee 
[U.B. Rosenberg, A. Preiss, E. Seifert, H. Jackie, D.C Knippe, Nature, 1985, vol. 313, p. 
703], 

20 XHMHHeCKH CHHTe3HpyK>T HCKyCCTBCHHyW nOCJieflOBaTCJIbHOCTb flHK ajihhoh 160 

bp, HMeiomyio CHMMeTpHHHyio nooieflOBaTeJibHocrb HywieonmoB no o6j}acTH reHa Kr 
(<Dht. 3 a, 6). CiieayeT noflnepKHyrb, hto aHTHCMMCJiOBue PHK cHHTe3HpyiOT Ha 
He3HanameH uenn Toro *e caworo reHa, Toraa icaic nKPHK MO}Ker 6un> cHHTe3HpoBana 
tojisko Ha rerepojiorHMHOH noaieflOBaTeJibHOcra flHK, HMeioiueH 3epicajibHO- 
25 CHMMerpHHHoe qepeAOBamie. 

CHHTe3HpoBaHHyio JJftK HcnonwyioT ajw nojiyneHH* kohctpykuhh b Beicrope 
pGEM-1, no3BOJWK>mHM c npoMOTopa PHK nojiHMepa3w T7 Becra chhtc3 raPHK. 
nKPHK 6wjia Ha3BaHa Kr-par, t.k. oHa KOMiuieMeHTapHa mPHK reHa Kr b napajiaenbHOM 
HanpaBiieKHH. 

30 3m6phohu jihhhh Oregon RC HHbeimpywT npenapaTaMH nxPHK b oSiiacn, 

ruia3Mbi 3ajmero nonioca Ha crraaHH cHHiumw h HHKy6HpyroT nojx boaoh npn 25°C b 
TeneHHe 18-24 nacoB. 3aTeM totobot npenapara KyniKyjibi h Ha6jiK>iiaiOT pa3BHTHe 

CerMeHTOB JIHHHHOK nOfl (})a3OB0-K0HTpaCTHLIM MHKpOCKOnOM. 
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06Hapy>KeHO pa3BHTHe jihhhhok HMeiomnx xapaicrepHuii Kr-<t>eHOTHn. B 

KOHtpOJIbHKIX 3KCnepHMeHTaX, nOCJie HHbeKUHH PHK, CHHTe3HpOBaHHOH Ha 

npoTHBono/io)KHOH uenn toh ace KOHCipyicuHH c noMOiUBW SP6 PHK nojiHMepa3bi, 
HaGnFOflaioT TOJibKO pa3BHrae HopMajibHbix jihhhhok. 
5 <3>kt. 4 npeflCTaBJwer HopManbHyio JiHHHHKy (a), a Taicxce hbs jihhhhkh, 

nonyneHHue nocjie HHbeKUHH npenapara Kr-par (6, b). IlocjiejxHHe hmciot aeJieiiHH 
TopaKaJibHtix cerMeHTOB h cmioro hjih Tpex 6pK>uiHux ceraeHTOB h aieronHHecKH 
pa3BHToe ABixajiBiie b nepeaHefi Macro Tejia jihhhhkh, hto xapaicrepHO mm (JjeHorana Kr. 
HacroTa noaBJieHH* <J)eHOKoriHH Kr nocjie HHbeKUHH PHK Kr-par npHinepHO 
10 cooTBeTCTByer TaKOBOH nocjie HHbeKUHH cooTBeTCTByiomeH acPHK [U.B. Rosenberg, A. 
Preiss, E. Seifert, H. Jackie, D.C. Knippe, Nature, 1985, vol. 313, p. 703]. noKa3aHO, hto b 
MHoroKJieroHHOM opraHH3Me, B03fleficTBya iikPHK Ha 3KcnpeccHW KJuoneBoro reHa 
jm<})(J)epeHUHpoBKH, nojiynaioT HanpaBJieHHoe H3MeHeHHe reHeraHecKHx cbohctb 
opraHH3Ma. 

15 TaKHM o6pa30M, o6Hapy»eHO BJiiuiHHe 3epicajibHLix HHBepcHH HyKJieo-nmHiix . 

nocjie^OBaiejibHOcreH, TeM hjih hhhm nyreM BBe.aeHHbix b opraHH3M, Ha ero 4>eHOTHn. 
OcHOBHoe npeHMymecTBo npamiaraeMoro cnoco6a coctoht b tom, hto 3epKajibHbie 
nocJieiioBaTeJibHOCTH cnoco6HM o6ecneHHTb CHirra mcPHK h PHK-HHTep<|>epeHiiHK>, ho, 
6yjxynn reTeponorHHHbiMH nocjie^oBaTejibHocrr«MH, He Moryr CHfirre3HpOBaTb 

20 co otb eTCTByio myio mPHK. IIo3TOMy npn Hcnojib30BaHHH 3Toro noflxo^a 
("najiHHjipoMHbiH noflxojf), b OTJiHHHe ot TpajiHUHOHHoro cnoco6a, Hcnojib3yemero 
acPHK ("aHTHCMbicjiOBofi noaxoa"), He MoxceT npoH30HTH peBepcHH h HanaTbCK chhtc3 
uenn mPHK. 

H3o6peTeHHeM npeanoaceH o6mHH noiixo^ k H3MeHeHHK> reHeraHecKHx cbohctb 
25 opraHH3Ma, ocHOBaHHLifl Ha 6HOJiorHHecKHX cBOHcreax 3epKajn»Hbix HHBepcHH 
HyKJieoTHflHbix nocjie^oBaTejibHocreH h peajnoywiUHHC* b PHK-HHTep4>epeHiiHH, 
npHBOZwmefi k reH-cneqH<l>HHecKOMy caiuieHCHHry. npejwaraeMbifi cnoco6, ocHOBaHHbiH 

Ha 06Hapy>KeHH0H BblCOKOH H H36HpaTeJIbHOH 6HOJIOrHHeCKOH aKTHBHOCTH TpaHCKpHHTOB 

c 3epKajibHbix HHBepcHH HyicneoTHOTbix nocne^oBaTejibHOCTeii, npHBOiiHT k H3MeHeHHio 
30 <j)eHOTHna h mohcct 6brn» HcnoJib30BaH mix uejieii reHOTepanHH b MejwuHHe, a Taioice b 
ceJibCKOM xo3HHCTBe h b npoMMiiiJieHHOH 6HOTexHOJiorHH jvw reH-cneuH<})HHecKoro 
caaneHCHHra Tex reHOB, 3Kcnpecciw KOTopux cnoco6cTByer pa3BHTHK) Tex hjih hhmx 
3a6oJieBaHHH hjih HapyiuaeT npouecc napa6oTKH Heo6xojiHMoro npoayiera. 
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(POPMYJIA H30EPETEHHH 

Cnoco6 U3M6HCHHA reHeTHHecKHX cbohctb opraHH3Ma nyreM PHK- 
HHTep<J)epeHUHH, npHBeuwmefi k reH-cneun^HHecKOMy cafijieHCHHry Bti6paHHoro reHa c 
5 noMombio MOJieKyji PHK, CHHTe3HpoBaHHbix in vitro, OTJiHHaiomHHCB TeM, hto 
Hcnonb3yiOT MOJieicynbi PHK, KOMiuieMeHTapHhie b napajiJienbHOM Hanpa&neHHH (mcPHK) 
mPHK Bbi6paHnoro reHa, npH 3T0M nxPHK CHHTe3HpyK)T in vivo hjih in vitro Ha 
HCKyccTBeHHOH nocjieflOBaTeJibHOcra flHK, HMeiomefi 3epKajibHO-CHMMeTpHHHyio 
nocjieaoBaTejibHOCTB HyKJieoTHflOB (3epKam,H£w HHBepciw) no othouichhio k 
10 nocjieaoBateJibHocTH HyiuieonwoB reHa. 
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OCfa CHMMeTpHH 



McxyccTBSHHafl nocneaoBarrenbHOCTb 

+ 5'TTTTA. . .TAC. . .AGTCG 3" 
3'AAAAT...ATG.. TCAGC 5' 



reH 

5'...GCTGA...CAT...ATTTT... 3' 
3'...CGACT...GTA...TAAAA... 5' + 




Kr-par, 160 bp 
UUUUA...UAC...AGUCG 
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